1. Introduction {#s0005}
===============

"*"May God Bless All People Around the World Against the COVID-19/SARS-CoV-2 Virus".*"

1.1. Background and motivational real case {#s0010}
------------------------------------------

Imagine that we operate a private tutorial school in an indoor shopping mall for students (P.S.: mainly children) learning piano for professional public examinations in a city like Hong Kong. Teaching is commonly held in a way in which one teacher coaches one student inside a very small room with the piano. For this type of static service operation (SSO), during the normal period of time, the school is very popular and it is a very solid commercial service operation. However, during the recent corona virus (COVID-19/SARS-CoV-2) outbreak (CVO), students (as well as their parents if the students are children) deeply worry about attending the piano class in the music school because: (i) It is indoor and a lot of students come and go. (ii) Visiting the school requires traveling which usually involves public transport. (iii) Precaution measures may not be trusted as they cannot clearly see if the school has done a good job. As a result, most students will refuse to attend class anymore and the private tutorial school deeply suffers as the rental fee is very high in Hong Kong and the service provider will go bankrupt very soon if no solutions are found.

[Table 1.1](#t0005){ref-type="table"} shows the points that consumers commonly believe under the corona virus outbreak in a city like Hong Kong. All these points are very logical but they will create big troubles. In fact, the case described above is very common. Unlike many other classroom teaching (such as English or Mathematics), teaching piano is not going to be effective without practicing and trying in front of the piano. Moreover, many students do not have pianos at home in Hong Kong which makes it impossible to have online class/demonstration. The outbreak hence creates a huge problem as both the service provider (e.g., the private school) will go bankrupt and the consumers (e.g., students) will suffer. This is a terrible situation.Table 1.1Important and well-agreed points to note during corona virus outbreak for a city like Hong Kong.[a](#tblfn1){ref-type="table-fn"}PointsDetailsExamplesIndoor mass gatheringClassroom teaching, especially indoor is dangerousChurch gathering, soccer matches, classroom teaching, private tutoring, etc.TravellingAvoid taking public transport with high density of passengersBus, school bus, metro, train, etc.PrecautionTake defensive measures and increase the hygiene levelWearing surgical masks, regular cleaning with diluted bleach water, alcohol, etc.[^1]

Recently, a newspaper in Hong Kong[1](#fn1){ref-type="fn"} reported a real case in which a private music school (just like the one we mentioned above) has innovatively changed its operations mode to be "mobile". To be specific, the private school rents a long truck, renovates it and makes it a mobile classroom. The school hence becomes a mobile service operation (MSO)[2](#fn2){ref-type="fn"} and establishes the "bring-service-near-your-home" business model.

Being mobile, the private music school can directly move to the student's home (or very near) and let students attend piano lessons conveniently. The hygiene level is kept at a high level. All students have to be tested with body temperature and must wear surgical masks. The psychological worries of students are hence much reduced. The response is very positive as the private music school claims that it can "continue to operate" and students can continue to learn piano without big disruptions. This is hence a highly desirable win-win scenario.

1.2. Research questions and major findings {#s0015}
------------------------------------------

The corona virus outbreak (CVO) has created lots of disruptions to service operations. Motivated by the real case in Hong Kong in which "logistics" helps the private school to go "mobile" and recover the business operations, we aim to generalize the case and examine the following questions:(1)For both "static service operations" (SSOs) and bring-service-near-your-home "mobile service operations" (MSOs) during the corona virus outbreak, what are the optimal service pricing and hygiene level decisions? When will SSOs fail to operate? Under what situations can switching to be an MSO solve the problem?(2)If the government's subsidy is needed, which are the proper subsidy schemes? Will it make a difference if the subsidy goes to different kind of costs (e.g., per unit operations cost or "lump-sum" fixed cost)?(3)Extending the analyses to cover more cases, e.g., (i) the case in which the service fee has to be fixed "before and after the outbreak", (ii) the situation when MSO is used in the long run, (iii) the scenario with investment on safety technologies (such as air quality improvement and monitoring systems, blockchain and RFID systems, etc.), what are the corresponding managerial insights?

This paper aims to address the above proposed research questions via an analytical study. As we will show in the following analyses, our theoretical results indicate that the MSO business model is really an interesting idea and it can potentially overcome the huge challenge brought by CVO which may very likely lead to the failure of the service operations. Moreover, we find that governments can impose effective measures to support the service provider. Different measures have different effects. It is interesting to find that the commonly seen and well-proposed subsidy for the lump-sum fixed cost (called the FCS scheme) is in fact inferior to the sponsorship scheme which subsidizes the per unit operations cost (called the OCS scheme) because consumers will be benefited under the OCS scheme, but not the FCS scheme. Alternatively, the non-monetary sponsor scheme such as the safety-technology-support (STS) scheme may also serve the purpose. In the extended analyses, we prove that the qualitative conclusion under the endogenous service fee (i.e. revenue) case remains valid when the service fee is assumed to be "exogenous" (i.e., cannot be changed when the firm adopts MSO under CVO). We also derive the situations in which the MSO business model is financially viable in the long run. Last but not least, considering the scenario in which the service provider (i.e., the firm) can invest in safety technologies to reduce consumers' worries under MSO, we analytical find the closed-form solution for the optimal safety technology investment level and highlight its relationship with, e.g., the unit operations cost under MSO.

As a remark, even though this study is motivated by the real Hong Kong case on a private music school teaching piano skills, this paper is not confined to just this example. As we will mention in [Section 5](#s0075){ref-type="sec"}, the models and analyses can be generalized to cover many other real world relevant cases. The roles played by logistics are also critical as the innovative "bring-service-near-your-home" MSOs totally rely on having the long truck to help. Moreover, we trust the roles of technologies (both safety and health related technologies and information technologies) are critical, too.

1.3. Contribution statements and paper structure {#s0020}
------------------------------------------------

To the best of our knowledge, this paper is the first analytical study which explores the innovative real case based "bring-service-near-your-home" MSO business model to deal with disasters such as CVO. Impacts on the society (i.e., business profit and consumers in the market) are examined. The findings provide important guidance to both (i) practitioners on when to adopt MSO and (ii) governments on whether and how to provide supports to service businesses during the hard time when disasters like CVO occur. Valuable managerial insights are also proposed.

This paper is organized as follows. [Section 1.2](#s0015){ref-type="sec"} includes the related literature. [Section 2](#s0025){ref-type="sec"} shows the basic analytical models. [Section 3](#s0030){ref-type="sec"} presents the analyses. [Section 4](#s0050){ref-type="sec"} extends this study in various critical directions, including the case when the service fee cannot be changed because of CVO, the situation in which MSO can be operated in the long-run, and the problem with optimal investment on safety technologies. [Section 5](#s0075){ref-type="sec"} concludes the whole piece of research study with a discussion on "generalization" and future research directions. To enhance exposition and readability, all proofs are relegated to Appendix (A1) and tables of abbreviations and notation are placed in Appendix (A2).

2. Literature review {#s0025}
====================

This paper is related to various areas, namely service operations and logistics, operations under disasters, event studies related to disasters, and government roles in operations.

Service operations management is a very important topic ([@b0040]). There are different service operations schemes, including pure service operations and product-service operations ([@b0185]). In the literature, for general service operations, [@b0130] analytically examine the service operations platforms. The authors highlight the "value-added service" provided by the platforms. [@b0180] investigate the optimal "service order allocation" problem. The authors uncover the role played by risk attitudes. Most recently, [@b0065] examine the optimal pricing decision for "on-demand-service-platforms" such as Uber. The authors propose the use of blockchain as a technological tool to help implement the customized pricing scheme with respect to risk attitudes of individual consumer groups. In logistics service operations, [@b0155] analytically study the influence of logistics services for seasonal products. Most recently, [@b0145] explore third-party logistics services for "cross-border e-commerce" operations. The authors apply a novel machine intelligence approach to derive the optimal solution and test the results by using real data. This paper also considers service operations but the context relates to the innovative "bring-service-near-your-home" business model with the utilization of "logistics" (supported by technologies), which is totally different from the above examined studies in the literature.

Disasters happen from time to time. The recent global CVO is of course a big disaster. Traditionally, in operation management, a lot of studies focus on optimal disaster responses and humanitarian activities/services. For instance, [@b0010] study the "collaborative prepositioning network design" in response to disasters in a region. [@b0115] explore the optimal choice of "logistics service providers" to prepare for disasters. [@b0135] study the optimal "temporary facility location" problem to cope with disasters. The authors focus on the "casualty allocation planning" from the perspective of medical operations. [@b0140] study the use of platforms to collect donation for helping emergency events such as disasters. Adopting the data analytics approach ([@b0150], [@b0080], [@b0120]), [@b0195] investigate the use of social media analytics to enhance "disaster management". [@b0160] study the widely seen strategic hoarding problems when disasters happen. [@b0200] review the literature and cases on inventory management of "relief-resources". Most recently, [@b0100] conduct a simulation study to uncover how influences brought by CVO on the global supply chain system. This paper also examines operations under disasters and the specific emphasis is on the global CVO problem. However, it focuses on exploring how the "suppose-to-disrupted" service operations may be able to recover by an innovative change of business model with the use of transportation logistics and technologies. To the best of my knowledge, this has never been studied in the literature.

CVO is an event, which creates big challenges to operations ([@b0005]). In the literature, disaster related event studies have been published over the past few decades. We review a few related studies that are published in recent years. For instance, [@b0105] empirically study whether the market reacts negatively towards the "Rana Plaza disaster" in the Bangladeshi apparel manufacturing industry by conducting an event study. The authors focus on exploring the stock market's reaction using the standard empirical event study methodology in operations management. [@b0170] study using data from "tweets" on disasters. The authors focus on investigating the "event classification and location prediction" for disasters using data from social media. [@b0135] examine analytically the optimal "casualty allocation" problem after the disaster event has happened. Most recently, [@b0110] propose the adoption of "flying warehouses" for humanitarian activities when a disaster event happens. To be specific, the authors study the situation when disasters take place in an unrest area (e.g., with wars). Using road vehicles to deliver the needed commodities is very dangerous. As a result, they propose a solution by using the humanitarian "flying warehouse". Similar to these studies, this paper also examines the case when there is a disaster event. However, both the scope and specific research questions are totally different.

Finally, this paper also studies how the government may provide the needed subsidy to support the service operations. In the logistics and operations literature, the roles of government have been rather well-researched. For example, a popular topic in which governments play a critical role over the past decade is about carbon emissions tax. [@b0035] analytically investigates how the carbon emission taxation scheme can be designed to entice fashion retailers to source locally. [@b0075] examine the emerging markets with sustainability issues. The authors propose the proper setting of government subsidy to over the data quality problem. Most recently, [@b0095] propose the use of a "green subsidy" to enhance the operations of a supply chain system under financial constraints. This paper also investigates how the government subsidy may help to support the service operations under CVO. In particular, we compare different types of subsidy schemes and show that sponsoring the "fixed cost", despite being simple, is not a wise measure to consumers.

3. Models {#s0030}
=========

In this paper, we examine a few models. [Fig. 3.1](#f0005){ref-type="fig"} shows the transition from Model N to Model M (i.e., the "bring-service-near-your-home" MSO) as a probable solution to CVO for a service operation such as a music school (see [Section 1](#s0005){ref-type="sec"}).Fig. 3.1The probable transition to Model M from Model N under CVO.

3.1. Model N (Static service operations without CVO) {#s0035}
----------------------------------------------------

We start with the normal operation, called Model N. We consider a commercial service operation (called the "firm"), which is similar to the private music school as we mentioned in [Section 1](#s0005){ref-type="sec"}. Under normal situations, the firm operates inside an indoor mall. It offers a service to consumers and receives a revenue of *p* per each demand (i.e., the service fee). To operate, the school incurs a fixed cost *F* which includes the rental fee and staffing. Hygiene is an important factor and the firm achieves a hygiene level of *h* at a cost of $K_{N}{(h)}$. For analytical tractability as well as supported by prior studies, we model $K_{N}{(h)}$ as a quadratic function: $K_{N}{(h)} = \frac{k_{N}h^{2}}{2}$. In addition to hygiene level, travel distance is an issue. The firm serves a zone and the average distance for the consumer to visit the firm is *l*. Traveling to the firm incurs a disutility to the consumer. Assuming consumers possess a valuation *v* towards the service offered by the firm, and *v* follows a density function $f(v)$. The market population is normalized to be 1. Following the extant literature, we model $f(v)$ as a uniform distribution bounded between 0 and 1.

With the above description, the market demand faced by the firm is given as follows:$$d_{N}\; = \int_{p + \eta l - h}^{1}{f(v)dv} = 1 + h - p - \eta l,$$where $\eta l$ represents the traveling disutility and $\eta > 0$.

The profit function $\Pi_{N}$ is expressed in the following[3](#fn3){ref-type="fn"} :$$\Pi_{N} = p{(1 + h - p - \eta l)} - K_{N}{(h)} - F.$$

We can also derive the consumer surplus $CS_{N}$ as follows:$$CS_{N} = \int_{p + \eta l - h}^{1}{(v - (p + \eta l - h))f(v)dv} = \frac{{(1 + h - p - \eta l)}^{2}}{2}.$$

With the above formulation, it is straightforward to find that the profit function $\Pi_{N}$ is strictly concave when the hygiene cost is substantially high (i.e. $k_{N} > 1/2$) which implies that it will be too costly if one wants to increase the hygiene level to the upper limit. Throughout this paper, we assume this condition holds so that our closed-form analyses can be conducted without the need of exploring all those boundary cases. Solving the first order conditions yields the joint optimal revenue and hygiene level under Model N as follows:$$h_{N}^{\ast} = \frac{1 - \eta l}{2k_{N} - 1},$$ $$p_{N}^{\ast} = \frac{k_{N}{(1 - \eta l)}}{2k_{N} - 1}.$$

Putting [(3.4)](#e0020){ref-type="disp-formula"}, [(3.5)](#e0025){ref-type="disp-formula"} into the profit function and consumer surplus function gives the following:$$\Pi_{N}^{\ast} = \,\Pi_{N}{(h_{N}^{\ast},p_{N}^{\ast})} = \frac{k_{N}{(1 - \eta l)}^{2}}{2(2k_{N} - 1)} - F,$$ $$CS_{N}^{\ast} = CS_{N}{(h_{N}^{\ast},p_{N}^{\ast})} = \frac{k_{N}^{2}{(1 - \eta l)}^{2}}{2{(2k_{N} - 1)}^{2}}.$$

From [(3.6)](#e0030){ref-type="disp-formula"}, [(3.7)](#e0035){ref-type="disp-formula"}, we can clearly find the neat closed-form expressions of the profit and consumer surplus functions at the optimal decisions under Model N. In addition, please observe the high similarities (but not equivalence) between the analytical expressions of $\Pi_{N}^{\ast}$ and $CS_{N}^{\ast}$.

3.2. Model S (Static service operations under CVO) {#s0040}
--------------------------------------------------

Now, under the corona virus outbreak, we consider the scenario in which the firm continues to operate using the original model, i.e. stations in the shopping mall indoor. We call the model under this scenario Model S. Consumers have some changes in their utility function. To be specific, they worry about visiting the firm and it is reflected by the change of two parameters:

First, during the travel distance *l*, consumers worry about being infected and hence the disutility in distance is now changed to be $\mathit{el}$ in which $e > > \eta$.

Second, there is an overall worry disutility factor *w*, which is called the consumers' psychological worry under SSO. It reflects the consumers' psychological worry of being infected in the firm, especially when it is an indoor environment.

In addition, under the CVO, the marginal cost for establishing the hygienic environment is higher under Model S than that under Model N. This point is reflected by the cost function $K_{S}{(h)} = \frac{k_{S}h^{2}}{2}$, in which $k_{S} > k_{N}$.

With the above two factors, following Model N, we have the demand model under Model S:$$d_{S} = \int_{p + el - h + w}^{1}{f(v)dv} = 1 + h - p - el - w.$$

The profit function $\Pi_{S}$ is expressed in the following:$$\Pi_{S} = p{(1 + h - p - el - w)} - K_{S}{(h)} - F.$$

We can also analytically derive the consumer surplus $CS_{S}$ under Model S as follows:$$CS_{S} = \frac{{(1 + h - p - el - w)}^{2}}{2}.$$

With the above formulation, it is easy to show that $\Pi_{S}$ is concave. Solving the first order conditions gives the joint optimal revenue and hygiene level under Model S to be the following:$$h_{S}^{\ast} = \frac{1 - el - w}{2k_{S} - 1},$$ $$p_{S}^{\ast} = \frac{k_{S}{(1 - el - w)}}{2k_{S} - 1}.$$

Putting [(3.11)](#e0055){ref-type="disp-formula"}, [(3.12)](#e0060){ref-type="disp-formula"} into the profit function $\Pi_{S}$ and consumer surplus function $CS_{S}$, we have:$$\Pi_{S}^{\ast} = \Pi_{S}{(h_{S}^{\ast},p_{S}^{\ast})} = \frac{k_{S}{(1 - el - w)}^{2}}{2(2k_{S} - 1)} - F,$$ $$CS_{S}^{\ast} = CS_{S}{(h_{S}^{\ast},p_{S}^{\ast})}\; = \frac{k_{S}^{2}{(1 - el - w)}^{2}}{2{(2k_{S} - 1)}^{2}}.$$

Comparing the analytical results between Model N and Model S, it is clear that the closed-form expressions of $\Pi_{S}^{\ast}$ and $CS_{S}^{\ast}$ are in fact very similar to $\Pi_{N}^{\ast}$ and $CS_{N}^{\ast}$ in terms of format. Of course, owing to differences in parameters, they are not the same. In particular, the presence of consumers' psychological worry under SSO (i.e., *w*) and high travel disutility (i.e., *el*) all create a substantial difference between them.

3.3. Model M (Using Logistics: Mobile service operations under CVO) {#s0045}
-------------------------------------------------------------------

Similar to Model S, we now consider the scenario when the firm starts to be "mobile", i.e., rather than waiting in the indoor fixed location, the firm offers its service by using a long truck. In other words, the "bring-service-near-your-home" business model is adopted in which "logistics" (i.e., the "mobile truck") plays a key role. The model for this scenario is represented by Model M. The long truck is well-equipped with all the necessary and helpful technological facilities to support the service offering in a way which reduces the worries of the consumers. For example, an air-quality monitoring system can be installed to show in real time the air-quality level. The hygiene measures can also be well-displayed on a computerized system to let customers see how hygiene measures are imposed systematically[4](#fn4){ref-type="fn"} , e.g., via the smart phones. As such, the consumers' psychological worry under MSO (i.e., Model M) is denoted by *y*, where $w > > y$.

Different from Model N and Model S, as it is the firm, which travels to the consumer place, there is no distance related cost for the consumers. However, a related cost is present for the firm (as it needs to travel now) and we denote it as $t$, which is defined as $\mathit{cl}$ and $c > 0$.

In addition, under the CVO in the long truck environment, the marginal cost for establishing the hygienic environment is in general different from that under Model S or Model N. We hence have the hygiene related cost as follows: $K_{M}{(h)} = \frac{k_{M}h^{2}}{2}$, where $k_{M} > 0$ and it should be higher than $k_{N}$ due to CVO. Moreover, the fixed cost under Model M is denoted by *G*, which refers to the cost associated with using the long truck, etc. It is in general different from *F*.

With the above details, the demand function under Model M is given below:$$d_{M} = \int_{p - h + y}^{1}{f(v)dv} = 1 + h - p - y.$$

The profit function $\Pi_{M}$ and consumer surplus $CS_{M}$ under Model M are expressed as follows:$$\Pi_{M}\; = {(p - t)}{(1 + h - p - y)} - K_{M}{(h)} - G,$$ $$CS_{M} = \frac{{(1 + h - p - y)}^{2}}{2}.$$

Note that $\Pi_{M}$ is concave. Thus, the joint optimal revenue and hygiene level under Model M can easily be determined to be the following:$$h_{M}^{\ast} = \frac{1 - y - t}{2k_{M} - 1},$$ $$p_{M}^{\ast} = \frac{k_{M}{(1 - y - t)}}{2k_{M} - 1} + t.$$

With [(3.18)](#e0090){ref-type="disp-formula"}, [(3.19)](#e0095){ref-type="disp-formula"}, we can find the optimal profit and the consumer surplus function at the optimal decisions under Model M below:$$\Pi_{M}^{\ast} = \Pi_{M}{(h_{M}^{\ast},p_{M}^{\ast})} = \frac{k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)} - G,$$ $$CS_{M}^{\ast} = CS_{M}{(h_{M}^{\ast},p_{M}^{\ast})} = \frac{k_{M}^{2}{(1 - y - t)}^{2}}{2{(2k_{M} - 1)}^{2}}.$$

[Table 3.1](#t0010){ref-type="table"} shows a summary of the firm's optimal decisions and the corresponding profits and the consumer surplus values under Model N, Model S and Model M. Note that under a model, when we add the profit and consumer surplus (at the corresponding optimal decisions) up, we have the social welfare under the respective model.Table 3.1Optimal decisions and the corresponding profits and consumer surplus under Model $i \in (N,S,M)$.Model NModel SModel M$h_{i}^{\ast}$$\frac{1 - \eta l}{2k_{N} - 1}$$\frac{1 - el - w}{2k_{S} - 1}$$\frac{1 - y - t}{2k_{M} - 1}$$p_{i}^{\ast}$$\frac{k_{N}{(1 - \eta l)}}{2k_{N} - 1}$$\frac{k_{S}{(1 - el - w)}}{2k_{S} - 1}$$\frac{k_{M}{(1 - y - t)}}{2k_{M} - 1} + t$$\Pi_{i}^{\ast}$$\frac{k_{N}{(1 - \eta l)}^{2}}{2(2k_{N} - 1)} - F$$\frac{k_{S}{(1 - el - w)}^{2}}{2(2k_{S} - 1)} - F$$\frac{k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)} - G$$CS_{i}^{\ast}$$\frac{k_{N}^{2}{(1 - \eta l)}^{2}}{2{(2k_{N} - 1)}^{2}}$$\frac{k_{S}^{2}{(1 - el - w)}^{2}}{2{(2k_{S} - 1)}^{2}}$$\frac{k_{M}^{2}{(1 - y - t)}^{2}}{2{(2k_{M} - 1)}^{2}}$

From [Table 3.1](#t0010){ref-type="table"}, we can see that the optimal profits and the consumer surplus functions (at the optimal decisions) exhibit very similar structure. However, there are also subtle differences which highlight the special features of the scenario under exploration. For example, under Model S, the presence of psychological worry is reflected by the presence of *w*. Under Model M, owing to the mobile nature of the service operation, a transportation cost *t* is present.

One point to note is, comparing the hygiene levels under Model N and Model S, it is surprising to note that we have: $h_{N}^{\ast} > h_{S}^{\ast}$. This means that under CVO, owing to the difficulty of service operations, the firm will set the optimal hygiene level lower than that under the normal market situation. This creates a very bad situation as consumers might expect the firm to lift the hygiene level while as reflected by our analysis, it is in fact not optimal for the firm to do so. We summarize this result in [Lemma 3.1](#n0005){ref-type="statement"}.Lemma 3.1*Under the static service operation (SSO), the presence of CVO will lead to a lower optimal hygiene level (i.e.,* $h_{N}^{\ast} > h_{S}^{\ast}$ *) even though the firm knows that the hygiene level is important.*

[Lemma 3.1](#n0005){ref-type="statement"} is an important and clear result that highlights the negative impact of CVO on the optimal hygiene level offered by the firm.

4. Analyses {#s0050}
===========

4.1. When will the SSO fail under CVO? {#s0055}
--------------------------------------

After deriving the results in [Section 2](#s0025){ref-type="sec"} (esp. [Table 3.1](#t0010){ref-type="table"}), we first examine when the SSO will fail and hence the firm will go bankrupt[5](#fn5){ref-type="fn"} under Model S (i.e. static service operations under CVO).

Since there are a lot of factors in the optimal profit function, we focus on the most critical factor, i.e., consumers' psychological worry under SSO *w*, and examine whether we can derive the condition based on it.

Define [(4.1)](#e0110){ref-type="disp-formula"}, [(4.2)](#e0115){ref-type="disp-formula"}. We have [Proposition 4.1](#n0010){ref-type="statement"}.$${\hat{w}}_{S} = 1 - el - \sqrt{\frac{2F(2k_{S} - 1)}{k_{S}}},$$ $${\hat{e}}_{S} = \frac{1}{l}\left( {1 - w - \sqrt{\frac{2F(2k_{S} - 1)}{k_{S}}}} \right),$$ $${\hat{F}}_{S} = \frac{k_{S}{(1 - el - w)}^{2}}{2(2k_{S} - 1)}.$$ Proposition 4.1*The firm will go bankrupt with the static service operation (SSO) business model under CVO if and only if any one of the following three equivalent conditions happens: (i)* $w > {\hat{w}}_{S}$ *,; (ii)* $e > {\hat{e}}_{S}$ *; (iii)* $F > {\hat{F}}_{S}$ *.*

[Proposition 4.1](#n0010){ref-type="statement"} presents a very neat and intuitive result. In particular, [Proposition 4.1](#n0010){ref-type="statement"}(i) shows that if the consumers' psychological worry under SSO is too large (i.e., above ${\hat{w}}_{S}$), demand is insufficient to justify for the fixed cost *F*. The firm hence goes bankruptcy. Similarly, [Proposition 4.1](#n0010){ref-type="statement"}(ii) shows the case associated with consumers' worry about being infected during the travel trip to the firm. If this worry is too large, the effect is the same as the consumers' psychological worry under SSO (*w*) and will lead to a low demand which "kills" the service operation. [Proposition 4.1](#n0010){ref-type="statement"}(iii) is the most direct as it indicates that if the fixed operations cost is too high, the firm cannot continue to operate with the much reduced demand under CVO. Further note that all the three conditions in [Proposition 4.1](#n0010){ref-type="statement"} are equivalent, and the only difference is the "term" being extracted to highlight the respective factor.

Note that in reality, in a city like Hong Kong, a service provider like the one we mentioned in [Section 1](#s0005){ref-type="sec"} would find it extremely difficult to continue operations as the consumers' psychological worry under SSO (*w*) and worry of infection during travel are simply too high. If the service operation cannot continue, it will create a loss to consumers and lead to the firm's bankruptcy. A negative social welfare hence results. Unfortunately, in this case, even if the government is willing to sponsor the fixed cost (e.g., the rental fee), the sponsorship probably cannot help as consumers simply worry too much and will not come. Without substantial demand, the firm's business operation cannot continue.

4.2. When should the MSO be chosen to help under CVO? {#s0060}
-----------------------------------------------------

When either condition in [Proposition 4.1](#n0010){ref-type="statement"} holds, we note that SSO (i.e., Model S) cannot continue under CVO and the firm will go bankrupt if no changes are made. In this sub-section, we explore the conditions under which the "bring-service-near-your-home" MSO (i.e., Model M) can help.

To be specific, we define three critical thresholds as follows:$${\hat{y}}_{M} = 1 - t - \sqrt{\frac{2G(2k_{M} - 1)}{k_{M}}},$$ $${\hat{c}}_{M} = \frac{1}{l}\left( {1 - y - \sqrt{\frac{2G(2k_{M} - 1)}{k_{M}}}} \right),$$ $${\hat{G}}_{M} = \frac{k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)}.$$ Proposition 4.2*The firm will survive with the "bring-service-near-your-home" mobile service operation (MSO) business model under CVO if and only if any one of the following three equivalent conditions happens: (i)* $y \leqslant {\hat{y}}_{M}$ *; (ii)* $c \leqslant {\hat{c}}_{M}$ *; (ii)* $G \leqslant {\hat{G}}_{M}$ *.*

[Proposition 4.2](#n0015){ref-type="statement"} shows the analytical conditions under which Model M (i.e., mobile service operations under CVO) can save the firm's life. [Proposition 4.2](#n0015){ref-type="statement"}(i) indicates that if the consumers' psychological worry under Model M is not too large (i.e., less than ${\hat{y}}_{M}$), then the firm's mobile service operation can attract enough demand to justify its business operation. [Proposition 4.2](#n0015){ref-type="statement"}(ii) highlights from the cost perspective that if the transportation operations cost associated Model M is not too large, the operations can become sustainable. Finally, [Proposition 4.2](#n0015){ref-type="statement"}(iii) is a direct result, which shows that if the fixed operations cost for Model M is not too large, the firm can survive. Similar to [Proposition 4.1](#n0010){ref-type="statement"}, the conditions in [Proposition 4.2](#n0015){ref-type="statement"} are equivalent. However, despite the fact that they are equal, they actually may have different implications to, e.g., government subsidy schemes, as we will discuss later on in [Section 3.3](#s0045){ref-type="sec"}. Moreover, observe that the three thresholds are in fact inter-related. For example, when *G* is larger, both ${\hat{y}}_{M}$ and ${\hat{c}}_{M}$ are smaller which means the conditions in [Proposition 4.2](#n0015){ref-type="statement"} (i) and (ii) are more stringent because the bounds are tighter. The effect is the same as having a larger *G* in the condition of [Proposition 4.2](#n0015){ref-type="statement"} (iii).

4.3. Impacts on consumers {#s0065}
-------------------------

In [Section 3.1](#s0035){ref-type="sec"} and [Section 3.2](#s0040){ref-type="sec"}, we focus on the service provider, i.e., the firm, and highlight the conditions in which Model M (i.e., the "bring-service-near-your-home" MSO) can help. How about consumers? How much can the consumers be benefited? In our analysis, we model the case in which under CVO, the firm cannot continue to operate under Model S. In other words, the consumer surplus will become zero. If the firm can survive under Model M, the consumer surplus becomes $\frac{k_{M}^{2}{(1 - y - t)}^{2}}{2{(2k_{M} - 1)}^{2}}$. Thus, with CVO, consumers are always benefited under Model M if the firm cannot operate under Model S. The amount of benefit depends on various factors. To be specific, consumers benefit more if *y* is smaller and *t* is smaller. These are also the conditions under which the firm would benefit more. As such, the consumers and the firm (i.e. service provider) both treasure the case if the transportation operations cost *t* and the psychological worry of consumers under Model M (*y*) are lower.

4.4. Government subsidy schemes {#s0070}
-------------------------------

Under CVO, our analyses above indicate that if the firm fails to sustain under Model S, moving to Model M is a strategy that benefits consumers. To be specific, the social welfare under this case when MSO is adopted becomes:$$SW_{M}^{\ast} = \Pi_{M}^{\ast} + CS_{M}^{\ast} = \;\left( \frac{k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)} \right)\left( \frac{3k_{M} - 1}{2k_{M} - 1} \right) - G.$$

However, what if $SW_{M}^{\ast} > 0$ (which means MSO is in fact good for the society) while the firm still cannot survive under Model M because, e.g., the fixed cost *G* is too high (or in general, the conditions in [Proposition 4.2](#n0015){ref-type="statement"} do not hold)? Can the government provide a subsidy scheme to help? In the following, we explore several different schemes:

The operations cost subsidy (OCS) scheme: Under the OCS scheme, the government provides a sponsor $s_{c}$ to lower the value of *c* to be the same as ${\hat{c}}_{M}$ (or even lower if the subsidy is generous). This subsidy is given per each demand. For instance, for each customer, the government provides a subsidy which is transferred as a revenue to the firm directly.

The fixed cost subsidy (FCS) scheme: Under the FCS scheme, the government provides a sponsor $s_{G}$ to lower the value of *G* to be the same as ${\hat{G}}_{M}$ (or even lower if the subsidy aims to help the firm make a profit), e.g., helping the firm to pay part of the rental fee for using the long truck. This subsidy is independent of demand size.

Comparing between the two subsidy schemes proposed above, we have [Proposition 4.3](#n0020){ref-type="statement"}.Proposition 4.3*(a) From the service provider's perspective, if the conditions in* [Proposition 4.2](#n0015){ref-type="statement"} *do not hold, both the OCS scheme and FCS scheme can help the firm to survive under MSO. (b) From the consumers' perspective, the OCS scheme outperforms the FCS scheme in bringing a larger consumer surplus under MSO.*

[Proposition 4.3](#n0020){ref-type="statement"} (a) gives a few interesting insights. First of all, in terms of financially helping the firm, both the OCS and FCS schemes can successfully help and make MSO a feasible operation. Thus, the two schemes may appear to be the same. However, if we look at the issue from the perspective of consumers, we see the difference. The OCS scheme actually "outperforms" the FCS scheme as it brings a larger consumer surplus. This is a very interesting finding for the government's reference.

To effectively implement OCS, it is important for the government to monitor and avoid cheating. One simple measure is via the personal identity (ID) document of each consumer. For example, the firm can get the subsidy from the government with the real details of each customer's official ID document. To make things even more transparent and secure, technologies such as blockchain[6](#fn6){ref-type="fn"} ([@b0085]) can also be applied to make sure all data records are well-kept, transparent and traceable. This is a technological solution to overcome the potential cheating problem.

In addition to the OCS scheme and FCS scheme, the government may also provide the safety-technology-support (STS) scheme. Under the STS scheme, the government provides technological and protection devices (i.e., not monetary sponsors) to the firm to help lift the "safety level". This helps to hence reduce *y* to a level sufficiently low (e.g., as low as ${\hat{y}}_{M}$). For CVO, examples of STS include (i) high quality masks, protection gowns and gloves, as well as (ii) technological devices which can help improve and show air-quality, etc. The effect of STS scheme can be similar the OCS scheme as consumer surplus can be enhanced. [Table 4.1](#t0015){ref-type="table"} shows the performances of different government subsidy schemes. It is crystal clear to note that the widely proposed FCS scheme is in fact an inferior one.Table 4.1Performances of different government subsidy schemes (Can the schemes improve the firm's profit and consumer surplus?).SchemesThe firm's profitConsumer surplusOCSYesYesFCSYesNoSTSYesYes

5. Extended models {#s0075}
==================

5.1. Service fee doesn't change ("Exogenous" service fee) {#s0080}
---------------------------------------------------------

In the above sections, we consider the case when the firm can price differently under different models. However, it may not be true in many real cases. For example, for many service providers like private tuition schools, it is quite common for them to offer the same price under the normal market environment and during CVO. To a certain extent, increasing price under CVO is "crazy" and may be regarded as "cheating". Lowering price under CVO may give an impression to consumers that the business is very poor (and hence needs promotion); this may create another negative effect as consumers may worry about the firm will go bankrupt (and hence decline to pay the monthly service fee, etc. or even request refund).

As such, in this sub-section, we look at the simple case when the service revenue *p* is fixed. The only decision of the firm is to set the optimal hygiene level under Model N, Model S and Model M. [Table 5.1](#t0020){ref-type="table"} shows the result. To differentiate from the models and analyses under the endogenous service fee case ([Section 2](#s0025){ref-type="sec"} and [Section 3](#s0030){ref-type="sec"}), note that we use a "bar" to denote the results in this extended analysis with an "exogenous" service fee (i.e., the service fee does not change when the firm adopts MSO under CVO).Table 5.1Optimal hygiene levels, profits, consumer surplus under Model $i \in (N,S,M)$.Model NModel SModel MOptimal hygiene level (${\overline{h}}_{i}^{\ast}$)${\overline{h}}_{N}^{\ast} = \frac{p}{k_{N}}$${\overline{h}}_{S}^{\ast} = \frac{p}{k_{S}}$${\overline{h}}_{M}^{\ast} = \frac{p - t}{k_{M}}$Optimal profit (${\overline{\Pi}}_{i}^{\ast}$)$p{(1 - p - \eta l)} + \frac{p^{2}}{2k_{N}} - F$$p{(1 - p - w - el)} + \frac{p^{2}}{2k_{S}} - F$${(p - t)}{(1 - p - y)} + \frac{{(p - t)}^{2}}{2k_{M}} - G$Consumer surplus at ${\overline{h}}_{i}^{\ast}$ (${\overline{\mathit{CS}}}_{i}^{\ast}$)$\frac{{(k_{N}{(1 - \eta l)} + {(1 - k_{N})}p)}^{2}}{2k_{N}^{2}}$$\frac{{(k_{S}{(1 - w - el)} + {(1 - k_{S})}p)}^{2}}{2k_{S}^{2}}$$\frac{{(k_{M}{(1 - y)} - t + {(1 - k_{M})}p)}^{2}}{2k_{M}^{2}}$

Similar to the case when the service fee is endogenous, we define various critical thresholds in the following:$${\overline{w}}_{S} = 1 - p\left( {1 - \frac{1}{2k_{S}}} \right) - \left( \frac{F}{p} \right) - el,$$ $${\overline{e}}_{S} = \frac{1}{l}\left( {1 - p\left( {1 - \frac{1}{2k_{S}}} \right) - \left( \frac{F}{p} \right) - w} \right),$$ $${\overline{F}}_{S} = p{(1 - p - w - el)} + \frac{p^{2}}{2k_{S}},$$ $${\overline{G}}_{M} = {(p - t)}{(1 - p - y)} + \frac{{(p - t)}^{2}}{2k_{M}},$$ $${\overline{y}}_{M} = 1 - p - \frac{G^{2}}{p - t} + \frac{p - t}{2k_{M}},$$ $${\overline{c}}_{M} = \frac{1}{l}\left\{ {p + k_{M}{(1 - p - y)} - \sqrt{2k_{M}{(G + {\lbrack k_{M}{(1 - p - y)}\rbrack}^{2})}}} \right\}.$$

We have [Proposition 5.1](#n0025){ref-type="statement"}.Proposition 5.1*Under the "exogenous" service fee case in which the service fee cannot be changed when the firm adopts MSO under CVO: (a) The firm will fail and go bankrupt with static service operations under CVO if and only if any one of the following three equivalent conditions happens: (i)* $w > {\overline{w}}_{S}$ *,; (ii)* $e > {\overline{e}}_{S}$ *; (iii)* $F > {\overline{F}}_{S}$ *. (b) The firm will survive with "bring-service-near-your-home" mobile service operations under CVO if and only if any one of the following three equivalent conditions happens: (i)* $y \leqslant {\overline{y}}_{M}$ *; (ii)* $c \leqslant {\overline{c}}_{M}$ *; (ii)* $G \leqslant {\overline{G}}_{M}$ *.*

From [Proposition 5.1](#n0025){ref-type="statement"}, it is obvious that the major conclusions under the case with endogenous service revenue (i.e., pricing) decisions (i.e., [Section 2](#s0025){ref-type="sec"} and [Section 3](#s0030){ref-type="sec"}) remain valid if the service fee is "exogenous" (i.e., cannot be changed when the firm adopts MSO under CVO). This of course also includes the government subsidy schemes in which the OCS and STS schemes outperform the FCS scheme as they not only can help to make MSO financially viable for the firm, but also benefit the consumers.

5.2. Does MSO work in the long run? {#s0085}
-----------------------------------

The CVO will not last forever. Is going "mobile" a long term sustainable solution? In other words, if the "bring-service-near-your-home" MSO business model is adopted for the long run in which the CVO type of disasters may or may not occur again, is it still beneficial to operate under the MSO mode? We examine this issue in this sub-section.

To be specific, we explore two cases under the situation when the market has a chance to become normal while also a chance of facing a disruption like another CVO. We represent the chance of having a disaster like CVO to be $\phi$ and the chance of having "no disaster" is $1 - \phi$, where $0 < \phi < 1$. We then explore two models, namely Model SX and Model MX (P.S.: SX and MX represent S-Extended, and M-Extended, respectively).

Under Model SX, we consider the SSO mode of business model. We first define the following threshold which is helpful for us to further define two sub-models (Model SX-1 and Model SX-2):$${\hat{F}}_{\mathit{SX}} = \frac{k_{S}{(1 - el - w)}^{2}}{2(2k_{S} - 1)}.$$

Model SX-1: If $F > {\hat{F}}_{\mathit{SX}}$, the firm will operate when the disaster does not appear and will stop operating when the disaster appears.

Model SX-2: If $F \leqslant {\hat{F}}_{\mathit{SX}}$, the firm will operate no matter whether the disaster appears or not. In other words, the firm will continue to run under the SSO mode no matter whether the disaster is present.

Note that Model SX-1 captures the case when the firm finds that it will lose money if it continues to run under disaster. This case appears when the fixed operations cost is too high. As such, it is optimal to choose not to operate when disaster occurs. On the contrary, Model SX-2 captures the case when the firm will continue to operate even when the disaster appears. This is the case when the fixed operations cost is sufficiently low.

Under Model MX, we consider the MSO mode of business model which is also financially viable under the disaster. As such, we only have one case in which the firm will operate both "with and without disaster".

Under each model, we consider the situation when the firm will set the optimal service revenue (i.e., pricing) and hygiene level under the respective state of the world, i.e., "with disaster" or "without disaster". In other words, under Model SX-2, if there is no disaster, the optimal service revenue and hygiene level decisions will be the same as the ones under Model N. When the disaster is present, then the respective optimal decisions will become the same as the ones under Model S.

Under Model MX, the case is a bit different. When the disaster comes, then the optimal decisions under Model MX are the same as the ones under Model M. When the disaster is absent, then the profit function of the firm is given as follows:$$\Pi_{\mathit{NM}}\; = {(p - t)}{(1 + h - p)} - K_{\mathit{NM}}{(h)} - G,$$where $K_{\mathit{NM}}{(h)} = \frac{k_{\mathit{NM}}h^{2}}{2}$ is the cost for achieving the hygiene level *h*, and $k_{\mathit{NM}} > 0$.

Maximizing [(5.8)](#e0180){ref-type="disp-formula"} yields the corresponding optimal decisions as follows: $h_{\mathit{NM}}^{\ast} = \frac{1 - t}{2k_{\mathit{NM}} - 1}$, and $p_{\mathit{NM}}^{\ast} = \frac{k_{\mathit{NM}}{(1 - t)}}{2k_{\mathit{NM}} - 1} + t$.

[Table 5.2](#t0025){ref-type="table"} shows the expected optimal profits and the expected consumer surplus (at optimal decisions) under different models (Model SX-1, Model SX-2, Model MX).Table 5.2Optimal expected profits and expected consumer surplus under Model $j \in (SX - 1,SX - 2,MX)$.$\Pi_{j}^{\ast}$$CS_{j}^{\ast}$Model SX-1${(1 - \phi)}\left( {\frac{k_{N}{(1 - \eta l)}^{2}}{2(2k_{N} - 1)} - F} \right)$${(1 - \phi)}\frac{k_{N}^{2}{(1 - \eta l)}^{2}}{2{(2k_{N} - 1)}^{2}}$Model SX-2$\frac{\phi k_{S}{(1 - el - w)}^{2}}{2(2k_{S} - 1)} +$${(1 - \phi)}\left( \frac{k_{N}{(1 - \eta l)}^{2}}{2(2k_{N} - 1)} \right) - F$$\frac{\phi k_{S}^{2}{(1 - el - w)}^{2}}{2{(2k_{S} - 1)}^{2}} +$${(1 - \phi)}\frac{k_{N}^{2}{(1 - \eta l)}^{2}}{2{(2k_{N} - 1)}^{2}}$Model MX$\frac{\phi k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)} + \frac{{(1 - \phi)}k_{\mathit{NM}}{(1 - t)}^{2}}{2(2k_{\mathit{NM}} - 1)} - G$$\frac{\phi k_{M}^{2}{(1 - y - t)}^{2}}{2{(2k_{M} - 1)}^{2}} + \frac{{(1 - \phi)}k_{\mathit{NM}}^{2}{(1 - t)}^{2}}{2{(2k_{\mathit{NM}} - 1)}^{2}}$

We define a few important thresholds in the following, which relate to the conditions with respect to *G* and *y* for us to show the theoretical results in [Lemma 5.1](#n0030){ref-type="statement"}.$${\hat{G}}_{1} = \frac{\phi k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)} + \frac{{(1 - \phi)}k_{\mathit{NM}}{(1 - t)}^{2}}{2(2k_{\mathit{NM}} - 1)} - {(1 - \phi)}\left( {\frac{k_{N}{(1 - \eta l)}^{2}}{2(2k_{N} - 1)} - F} \right),$$ $${\hat{G}}_{2} = \frac{\phi k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)} + \frac{{(1 - \phi)}k_{\mathit{NM}}{(1 - t)}^{2}}{2(2k_{\mathit{NM}} - 1)} - \left\lbrack {\frac{\phi k_{S}{(1 - el - w)}^{2}}{2(2k_{S} - 1)} + {(1 - \phi)}\left( \frac{k_{N}{(1 - \eta l)}^{2}}{2(2k_{N} - 1)} \right) - F} \right\rbrack,$$ $${\hat{y}}_{1}^{\Pi} = 1 - t - \sqrt{\left( \frac{2(2k_{M} - 1)}{\phi k_{M}} \right)\left\{ {{(1 - \phi)}\left( {\frac{k_{N}{(1 - \eta l)}^{2}}{2(2k_{N} - 1)} - F} \right) - \left( {\frac{{(1 - \phi)}k_{\mathit{NM}}{(1 - t)}^{2}}{2(2k_{\mathit{NM}} - 1)} - G} \right)} \right\}},$$ $${\hat{y}}_{2}^{\Pi} = 1 - t - \sqrt{\left( \frac{2(2k_{M} - 1)}{\phi k_{M}} \right)\left\{ {\frac{\phi k_{S}{(1 - el - w)}^{2}}{2(2k_{S} - 1)} + {(1 - \phi)}\left( {\frac{k_{N}{(1 - \eta l)}^{2}}{2(2k_{N} - 1)} - F} \right) - \left( {\frac{{(1 - \phi)}k_{\mathit{NM}}{(1 - t)}^{2}}{2(2k_{\mathit{NM}} - 1)} - G} \right)} \right\}}.$$

From [Table 5.2](#t0025){ref-type="table"}, we can easily derive [Lemma 5.1](#n0030){ref-type="statement"}, which shows the analytical conditions in which Model MX (MSO) outperforms Models SX-1 and SX-2.Lemma 5.1*In the long run: (a) When* $F > {\hat{F}}_{\mathit{SX}}$ *: Model MX (i.e., MSO) is the optimal service operations model if and only if* $y < {\hat{y}}_{1}^{\Pi}$ *(or equivalently* $G < {\hat{G}}_{1}$ *). (b) When* $F \leqslant {\hat{F}}_{\mathit{SX}}$ *: Model MX (i.e., MSO) is the optimal service operations model if and only if* $y < {\hat{y}}_{2}^{\Pi}$ *(or equivalently* $G < {\hat{G}}_{2}$ *).*

[Lemma 5.1](#n0030){ref-type="statement"} gives a simple rule to decide whether it is optimal to continue running the business under the MSO mode. To be specific, first, depending on the fixed operations cost under SSO (i.e., *F*), the firm may choose Model SX-1 or Model SX-2 if it votes for SSO as the operations mode. This is why we have two cases (part (a) and part (b)). For each case, by checking either the consumers' psychological worry under MSO in the presence of the disaster (i.e., *y*) or the fixed operations cost under MSO (i.e., *G*), if it is lower than the respective threshold, it will be optimal to adopt Model MX, i.e., operating the business under the MSO mode.

In a similar vein, we define the following:$${\hat{y}}_{1}^{\mathit{CS}} = 1 - t - \sqrt{\left( \frac{2{(2k_{M} - 1)}^{2}}{\phi k_{M}^{2}} \right)\left( {{(1 - \phi)}\frac{k_{N}^{2}{(1 - \eta l)}^{2}}{2{(2k_{N} - 1)}^{2}} - \frac{{(1 - \phi)}k_{\mathit{NM}}^{2}{(1 - t)}^{2}}{2{(2k_{\mathit{NM}} - 1)}^{2}}} \right)},$$ $${\hat{y}}_{2}^{\mathit{CS}} = 1 - t - \sqrt{\left( \frac{2{(2k_{M} - 1)}^{2}}{\phi k_{M}^{2}} \right)\left( {\frac{\phi k_{S}^{2}{(1 - el - w)}^{2}}{2{(2k_{S} - 1)}^{2}} + {(1 - \phi)}\frac{k_{N}^{2}{(1 - \eta l)}^{2}}{2{(2k_{N} - 1)}^{2}} - \frac{{(1 - \phi)}k_{\mathit{NM}}^{2}{(1 - t)}^{2}}{2{(2k_{\mathit{NM}} - 1)}^{2}}} \right)}.$$

[Lemma 5.2](#n0035){ref-type="statement"} gives the conditions under which adopting Model MX is also optimal for consumers.Lemma 5.2*In the long run: (a) When* $F > {\hat{F}}_{\mathit{SX}}$ *: The consumers are benefited under Model MX (i.e., MSO) if and only if* $y < {\hat{y}}_{1}^{\mathit{CS}}$ *. (b) When* $F \leqslant {\hat{F}}_{\mathit{SX}}$ *: The consumers are benefited under Model MX (i.e., MSO) if and only if* $y < {\hat{y}}_{2}^{\mathit{CS}}$ *.*

[Lemma 5.2](#n0035){ref-type="statement"} gives the conditions in which adopting the MSO business model will benefit the consumers as well. Define: ${\hat{Y}}_{1} = \min{({\hat{y}}_{1}^{\Pi},{\hat{y}}_{1}^{\mathit{CS}})}$ and ${\hat{Y}}_{2} = \min{({\hat{y}}_{2}^{\Pi},{\hat{y}}_{2}^{\mathit{CS}})}$. Combining the results from [Proposition 5.2](#n0040){ref-type="statement"}.Proposition 5.2*In the long run: (a) When* $F > {\hat{F}}_{\mathit{SX}}$ *: Model MX (i.e., MSO) is the optimal service operations model for both the firm and consumers if and only if* $y < {\hat{Y}}_{1}$ *. (b) When* $F \leqslant {\hat{F}}_{\mathit{SX}}$ *: Model MX (i.e., MSO) is the optimal service operations model for both the firm and consumers if and only if* $y < {\hat{Y}}_{2}$ *.*

From [Proposition 5.2](#n0040){ref-type="statement"}, we can clearly see how the MSO business model can be a win--win model for both the firm and consumers. As the condition goes to the consumers' psychological worry under MSO (i.e., *y*), the government can provide technological support (e.g., the STS scheme) to help the firm so that consumers will feel more secure. This will yield a smaller "*y*" which also means the win--win situation is more likely to occur with the adoption of MSO.

5.3. Safety technology investment {#s0090}
---------------------------------

In the above sections, we understand that "*y*" (the consumers' psychological worry under Model M) is very critical. In particular, from [Proposition 5.2](#n0040){ref-type="statement"}, we can see that in long-term service operations, the "bring-service-near-your-home" MSO business model is beneficial to both the firm and consumers if *y* is sufficiently small. However, are there any specific measures that can be imposed to achieve a sufficiently small y?

In this extended analysis, we consider the case when the firm can lower "*y*" by investing in safety technologies which include air quality control systems, body temperature monitoring systems, and even a RFID ([@b0030]) supported blockchain system to keep track of customer flows and their behaviors. The use of blockchain can also help provide the needed information transparency by allowing customers to observe some information which can be shown (e.g., on their mobile phones) to foster trust and reduce worries. Note that there are two types of blockchain systems, namely public and private. In our proposal here, we propose the use of private blockchain systems because the firm can choose "what to display" and "what not to display". This relates to customers' privacy and is hence a very critical aspect for properly running the MSO.

Suppose that to reduce *y* by a factor of $\alpha$, the required investment on safety technologies (including blockchain) is quadratic: $K_{Y}{(\alpha)} = k_{Y}\alpha^{2}/2$, where $k_{Y} > 0$. We call $\alpha$ the safety technology investment. Thus, under Model M, for a given *y*, we have: $\Pi_{M}^{\ast} =$ $\frac{k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)} - G$. In the presence of safety technology investment, the revised profit function under Model M becomes:$${\overset{\sim}{\Pi}}_{M}^{\ast}{(\alpha)} = \frac{k_{M}{(1 - (1 - \alpha)y - t)}^{2}}{2(2k_{M} - 1)} - G - K_{Y}{(\alpha)}.$$

Checking the structural properties indicates that $\partial^{2}{\overset{\sim}{\Pi}}_{M}^{\ast}{(\alpha)}/\partial\alpha^{2} < 0$. Thus, solving the first order condition $\partial{\overset{\sim}{\Pi}}_{M}^{\ast}{(\alpha)}/\partial\alpha = 0$ for $\alpha$ yields the unique optimal $\alpha$as follows:$$\alpha_{M}^{\ast} = \frac{k_{M}{(1 - t - y^{2})}}{{(2k_{M} - 1)}k_{Y} - 2k_{M}y^{2}}.$$

From [(5.14)](#e0220){ref-type="disp-formula"}, we can see that there exists an optimal safety technology investment level, which is a function of the hygiene cost coefficient $k_{M}$ as well as the safety technology investment cost coefficient $k_{Y}$. In addition, the unit operations cost under Model M (i.e., *t*) is also a factor. In particular, a larger *t* implies a smaller optimal safety technology investment level. This finding may relate to the fact that when the profit margin is lower (i.e., $p - t$ is smaller as *t* is larger), it is less beneficial to invest more on safety technologies.

6. Conclusion {#s0095}
=============

6.1. Concluding remarks {#s0100}
-----------------------

Today, service operations face many challenges. One of them is brought by global disasters such as the current CVO problem. In this paper, motivated by a real service operations business model in Hong Kong under CVO, we have constructed stylized analytical models to explore whether logistics (e.g., the use of a long truck, supported by technologies) can be the "Messiah" to support the innovative "bring-service-near-your-home" MSOs, which may save the service provider's business life. We have analytically illustrated how the consumers' worry about the disease will lead to the failure of the service operation under SSO. We then show how the MSO can be a solution. In case when MSO is not financially viable, as it is still beneficial to consumers if MSO can be offered (as SSO definitely cannot run owing to the danger of being infected as well as the very big consumers' psychological worry), we suggest the government to provide subsidy to the firm to support MSO. There are three government subsidy schemes and we have shown that the OCS scheme outperforms the FCS scheme as it can bring benefits to both the firm and consumers. Moreover, an alternative non-monetary scheme, termed as the STS scheme, may also be applied. In the extended analyses, we first consider the case when service fee (i.e. revenue) is "exogenous" (i.e., cannot be changed when the firm adopts MSO under CVO). We have shown that the main conclusions under the endogenous service fee case remain valid. After that, we have explored the issue of whether it is wise for the firm to consider implementing the MSO business model in the long run, i.e., not just for the case when the disaster comes. We have derived the analytical conditions which support this idea. Finally, we have derived the optimal safety technology investment level for the case when the consumers' psychological worry can be reduced at a cost. In short, when the right conditions are met, we find that using the innovative "bring-service-near-your-home" MSO business model is a good idea to help the firm survive under disasters such as CVO.

6.2. Generalization {#s0105}
-------------------

In this paper, since the motivation example follows a recent real case in Hong Kong, the context is very close to it and our focal point is based on that case. However, if we observe different industrial practices in the real world, we will find that MSO business models actually do commonly exist. For instance, in Hong Kong, we have mobile libraries, mobile Chinese medical service trucks, mobile insurance and financial service trucks, and even Red Cross has the mobile trucks to serve as the blood-donation stations. As a consequence, the MSO business models do exist in the world before we have the disasters. However, when we face a disaster like CVO, using transportation logistics to provide MSO is still a solid proposal. We argue that across different industries, such as fashion tailors, boutiques ([@b0060]), hair stylists, fashion beauty and massage, medical doctors, drawing classes, etc. which involve personal face-to-face advice or interactions (e.g., measurements by tailors or diagnosis by medical doctors), the MSO business model may work under CVO type of disasters.

6.3. Future studies {#s0110}
-------------------

In this paper, several important factors are not yet considered for the "bring-service-near-your-home" service operations. For example, during CVO, some countries have imposed strict rules in which consumers simply cannot leave homes. Thus, the MSO model may not be directly applicable to them[7](#fn7){ref-type="fn"} and further studies are needed to find an alternative solution. Operational risk ([@b0070], [@b0015], [@b0190], [@b0005], [@b0210]) is an important topic for service operations under disasters such as CVO, which deserves deeper exploration in the future ([@b0025], [@b0175], [@b0090]). As service operations under disaster may involve many psychological effects such as worries, in this paper, we simply model them using relatively simple mathematical models. Further studies can investigate them from a multi-methodological approach ([@b0055], [@b0125]), e.g., with the collection of behavioral data from human subjects to fit into the analytical models. Last but not least, this paper focuses on highlighting the role played by logistics to support MSO. The more complete and general multi-echelon service supply chain systems are not yet examined. As a result, in the future, research can be conducted on the bigger supply chain systems ([@b0020]). Impacts brought by different supply chain members' bargaining ([@b0165]), elastic logistics ([@b0045]) and stochastic capacities ([@b0205]) may also open new avenues for further investigations.

Appendix (A1). All proofs and important derivations {#s0115}
===================================================

Derivations of optimal decisions and consumer surplus {#s0120}
-----------------------------------------------------

As there are multiple models and the derivations are similar, we choose the more complex model, Model M, as the illustration. From [(3.16)](#e0080){ref-type="disp-formula"}, we have: $\Pi_{M}$ = ${(p - t)}{(1 + h - p - y)} - K_{M}{(h)} - G$.

Taking derivatives yields: $\partial\Pi_{M}/\partial p = 1 + t + h - y - 2p$, $\partial{\Pi_{M}}^{2}/\partial p^{2} = - 2$, $\partial{\Pi_{M}}^{2}/\partial p\partial h = 1$, $\partial\Pi_{M}/\partial h = {(p - t)} - k_{N}h$, $\partial{\Pi_{M}}^{2}/\partial h^{2} = - k_{M}$.

The Hessian matrix is: $\begin{bmatrix}
{- 2} & 1 \\
1 & {- k_{M}} \\
\end{bmatrix}$.

It is easy to find that if $k_{M} > 1/2$, then $\Pi_{M}$ is concave.

Solving the first order conditions:$$\partial\Pi_{M}/\partial p = 0\Rightarrow p = \frac{1 + t + h - y}{2},$$ $$\partial\Pi_{M}/\partial h = 0\Rightarrow h = {(p - t)}/k_{N}.$$

Solving [(A1)](#e0225){ref-type="disp-formula"}, [(A2)](#e0230){ref-type="disp-formula"} yields $h_{M}^{\ast} = \frac{1 - y - t}{2k_{M} - 1}$ and$p_{M}^{\ast} = \frac{k_{M}{(1 - y - t)}}{2k_{M} - 1} + t$.

For the consumer surplus $CS_{M}$, it can be derived as follows:$$\begin{array}{l}
{CS_{M}\; = \int_{p + y - h}^{1}{(v - (p + y - h))f(v)dv}} \\
{\quad\quad = \left( \left( {\frac{v^{2}}{2} - {(p + y - h)}v} \right) \right|_{\;(p + y - h)}^{\; 1}} \\
{\quad\quad = \frac{{(1 + h - p - y)}^{2}}{2}} \\
\end{array}$$

Putting the optimal hygiene levels and revenue into the profit function and consumer surplus function, we have [Table A1](#t0030){ref-type="table"} . Similarly, we can do the same for the analyses under Model N and Model S. This gives all the optimal decisions under each model and the whole [Table 3.1](#t0010){ref-type="table"}.Proof of Proposition 4.1The firm will go bankrupt with the static service operation (SSO) under CVO when $\Pi_{S}^{\ast}$ = $\frac{k_{S}{(1 - el - w)}^{2}}{2(2k_{S} - 1)} - F < 0$.By definition, we have: ${\hat{w}}_{S}$= $1 - el - \sqrt{\frac{2F(2k_{S} - 1)}{k_{S}}}$, ${\hat{e}}_{S}$= $\frac{1}{l}\left( {1 - w - \sqrt{\frac{2F(2k_{S} - 1)}{k_{S}}}} \right)$,${\hat{F}}_{S} = \frac{k_{S}{(1 - el - w)}^{2}}{2(2k_{S} - 1)}$.It is straightforward to prove that: $\Pi_{S}^{\ast} < 0$ if and only if one of the following three equivalent conditions holds: (i) $w > {\hat{w}}_{S}$,; (ii) $e > {\hat{e}}_{S}$; (iii) $F > {\hat{F}}_{S}$. □ Proof of Proposition 4.2The firm will survive with the mobile service operation (MSO) under CVO when $\Pi_{M}^{\ast} =$ $\Pi_{M}{(h_{M}^{\ast},p_{M}^{\ast})}$ = $\frac{k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)} - G \geqslant 0$. By definition, we have: ${\hat{y}}_{M}$= $1 - t - \sqrt{\frac{2G(2k_{M} - 1)}{k_{M}}}$, ${\hat{c}}_{M}$= $\frac{1}{l}\left( {1 - y - \sqrt{\frac{2G(2k_{M} - 1)}{k_{M}}}} \right)$,${\hat{G}}_{M} = \frac{k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)}$. It is straightforward to prove that $\Pi_{M}^{\ast} \geqslant 0$ If and only if any one of the following three equivalent conditions is true: (i) $y \leqslant {\hat{y}}_{M}$; (ii) $c \leqslant {\hat{c}}_{M}$; (ii) $G \leqslant {\hat{G}}_{M}$. □ Proof of Proposition 4.3(a) It is obvious that by sponsoring G under the FCS scheme or sponsoring c under the OCS scheme can make $\Pi_{M}^{\ast} =$0 (the break-even point). This completes the proof for Part (a). However, by definition, we have$CS_{M}^{\ast}$ = $\frac{k_{M}^{2}{(1 - y - t)}^{2}}{2{(2k_{M} - 1)}^{2}}$ which is a function independent of G. As a result, using the FCS scheme does not improve consumer surplus. On the contrary, $CS_{M}^{\ast}$ depends on t, which is defined as: $t = cl$. Thus, under the OCS scheme, by providing subsidy on c, the value t will be smaller which increases $CS_{M}^{\ast}$. Thus, the OCS scheme outperforms the FCS scheme. □ Table A1Optimal profit and consumer surplus under Model M.Model M$\Pi_{M}^{\ast}$$\frac{k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)} - G$$CS_{M}^{\ast}$$\frac{k_{M}^{2}{(1 - y - t)}^{2}}{2{(2k_{M} - 1)}^{2}}$

Proof of Proposition 5.1The analysis is similar to [Proposition 4.1](#n0010){ref-type="statement"} and [Proposition 4.2](#n0015){ref-type="statement"}.First, note that by definition, we have: ${\overline{w}}_{S} = 1 - p\left( {1 - \frac{1}{2k_{S}}} \right) - \left( \frac{F}{p} \right) - el$, ${\overline{e}}_{S} = \frac{1}{l}\left( {1 - p\left( {1 - \frac{1}{2k_{S}}} \right) - \left( \frac{F}{p} \right) - w} \right)$,${\overline{F}}_{S} = p{(1 - p - w - el)} + \frac{p^{2}}{2k_{S}}$, ${\overline{G}}_{M} = {(p - t)}{(1 - p - y)} + \frac{{(p - t)}^{2}}{2k_{M}}$, ${\overline{y}}_{M} = 1 - p - \frac{G^{2}}{p - t} + \frac{p - t}{2k_{M}}$, ${\overline{c}}_{M} = \frac{1}{l}\left\{ {p + k_{M}{(1 - p - y)} - \sqrt{2k_{M}{(G + {\lbrack k_{M}{(1 - p - y)}\rbrack}^{2})}}} \right\}$.Second, the key is to note that:(a)${\overline{\Pi}}_{S}^{\ast} < 0$ if and only if any one of the following three equivalent conditions holds: (i) $w > {\overline{w}}_{S}$,; (ii) $e > {\overline{e}}_{S}$; (iii) $F > {\overline{F}}_{S}$.(b)${\overline{\Pi}}_{M}^{\ast} \geqslant 0$ if and only if any one of the following three equivalent conditions holds: (i) $y \leqslant {\overline{y}}_{M}$; (ii) $c \leqslant {\overline{c}}_{M}$; (ii) $G \leqslant {\overline{G}}_{M}$.As a remark, for "$c \leqslant {\overline{c}}_{M}$", the analysis includes a "completing square" step: Since ${\overline{\Pi}}_{M}^{\ast} =$ ${(p - t)}{(1 - p - y)} + \frac{{(p - t)}^{2}}{2k_{M}} - G$, ${\overline{\Pi}}_{M}^{\ast} = 0\Leftrightarrow$ ${(p - t)}{(1 - p - y)} + \frac{{(p - t)}^{2}}{2k_{M}} - G = 0$, which means:$$\frac{1}{2k_{M}}\left( {2k_{M}{(p - t)}{(1 - p - y)} + {(p - t)}^{2}} \right) - G = 0$$ $$\Leftrightarrow\frac{1}{2k_{M}}\left( {{(p - t)} + k_{M}{(1 - p - y)}} \right)^{2} - G - {\lbrack k_{M}{(1 - p - y)}\rbrack}^{2} = 0$$ $$\Leftrightarrow\left( {{(p - t)} + k_{M}{(1 - p - y)}} \right)^{2} = 2k_{M}{(G + {\lbrack k_{M}{(1 - p - y)}\rbrack}^{2})}$$ $$\Leftrightarrow t = p - k_{M}{(1 - p - y)} - \sqrt{2k_{M}{(G + {\lbrack k_{M}{(1 - p - y)}\rbrack}^{2})}}$$ $$\Leftrightarrow cl = p - k_{M}{(1 - p - y)} - \sqrt{2k_{M}{(G + {\lbrack k_{M}{(1 - p - y)}\rbrack}^{2})}}$$ $$\Leftrightarrow c = {\overline{c}}_{M}.$$This completes the proof. □ Proof of Lemma 5.1First of all, note the following definitions:$${\hat{G}}_{1} = \frac{\phi k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)} + \frac{{(1 - \phi)}k_{\mathit{NM}}{(1 - t)}^{2}}{2(2k_{\mathit{NM}} - 1)} - {(1 - \phi)}\left( {\frac{k_{N}{(1 - \eta l)}^{2}}{2(2k_{N} - 1)} - F} \right),$$ $${\hat{G}}_{2} = \frac{\phi k_{M}{(1 - y - t)}^{2}}{2(2k_{M} - 1)} + \frac{{(1 - \phi)}k_{\mathit{NM}}{(1 - t)}^{2}}{2(2k_{\mathit{NM}} - 1)} - \left\lbrack {\frac{\phi k_{S}{(1 - el - w)}^{2}}{2(2k_{S} - 1)} + {(1 - \phi)}\left( \frac{k_{N}{(1 - \eta l)}^{2}}{2(2k_{N} - 1)} \right) - F} \right\rbrack,$$ $${\hat{y}}_{1}^{\Pi} = 1 - t - \sqrt{\left( \frac{2(2k_{M} - 1)}{\phi k_{M}} \right)\left\{ {{(1 - \phi)}\left( {\frac{k_{N}{(1 - \eta l)}^{2}}{2(2k_{N} - 1)} - F} \right) - \left( {\frac{{(1 - \phi)}k_{\mathit{NM}}{(1 - t)}^{2}}{2(2k_{\mathit{NM}} - 1)} - G} \right)} \right\}},$$ $${\hat{y}}_{2}^{\Pi} = 1 - t - \sqrt{\left( \frac{2(2k_{M} - 1)}{\phi k_{M}} \right)\left\{ {\frac{\phi k_{S}{(1 - el - w)}^{2}}{2(2k_{S} - 1)} + {(1 - \phi)}\left( {\frac{k_{N}{(1 - \eta l)}^{2}}{2(2k_{N} - 1)} - F} \right) - \left( {\frac{{(1 - \phi)}k_{\mathit{NM}}{(1 - t)}^{2}}{2(2k_{\mathit{NM}} - 1)} - G} \right)} \right\}}.$$ (a)When $F > {\hat{F}}_{\mathit{SX}}$ : We compare the optimal profit functions under Model MX (i.e., MSO) and Model SX-1. Then, we can see that $\Pi_{\mathit{MX}}^{\ast} > \Pi_{\mathit{SX} - 1}^{\ast}$ if and only if $y < {\hat{y}}_{1}^{\Pi}$ (or equivalently $G < {\hat{G}}_{1}$).(b)When $F \leqslant {\hat{F}}_{\mathit{SX}}$ : We compare the optimal profit functions under Model MX (i.e., MSO) and Model SX-2. Then, we can see that $\Pi_{\mathit{MX}}^{\ast} > \Pi_{\mathit{SX} - 2}^{\ast}$ if and only if $y < {\hat{y}}_{2}^{\Pi}$ (or equivalently $G < {\hat{G}}_{1}$). □ Proof of Lemma 5.2By definition, we have the following:$${\hat{y}}_{1}^{\mathit{CS}} = 1 - t - \sqrt{\left( \frac{2{(2k_{M} - 1)}^{2}}{\phi k_{M}^{2}} \right)\left( {{(1 - \phi)}\frac{k_{N}^{2}{(1 - \eta l)}^{2}}{2{(2k_{N} - 1)}^{2}} - \frac{{(1 - \phi)}k_{\mathit{NM}}^{2}{(1 - t)}^{2}}{2{(2k_{\mathit{NM}} - 1)}^{2}}} \right)},$$ $${\hat{y}}_{2}^{\mathit{CS}} = 1 - t - \sqrt{\left( \frac{2{(2k_{M} - 1)}^{2}}{\phi k_{M}^{2}} \right)\left( {\frac{\phi k_{S}^{2}{(1 - el - w)}^{2}}{2{(2k_{S} - 1)}^{2}} + {(1 - \phi)}\frac{k_{N}^{2}{(1 - \eta l)}^{2}}{2{(2k_{N} - 1)}^{2}} - \frac{{(1 - \phi)}k_{\mathit{NM}}^{2}{(1 - t)}^{2}}{2{(2k_{\mathit{NM}} - 1)}^{2}}} \right)}.$$ (a)When $F > {\hat{F}}_{\mathit{SX}}$ : Note that $CS_{\mathit{MX}}^{\ast} > CS_{\mathit{SX} - 1}^{\ast}$ if and only if $y < {\hat{y}}_{1}^{\mathit{CS}}$.(b)When $F \leqslant {\hat{F}}_{\mathit{SX}}$ : Observe that $CS_{\mathit{MX}}^{\ast} > CS_{\mathit{SX} - 2}^{\ast}$ if and only if $y < {\hat{y}}_{2}^{\mathit{CS}}$. □ Proof of Proposition 5.2Observe that ${\hat{Y}}_{1} = \min{({\hat{y}}_{1}^{\Pi},{\hat{y}}_{1}^{\mathit{CS}})}$ and ${\hat{Y}}_{2} = \min{({\hat{y}}_{2}^{\Pi},{\hat{y}}_{2}^{\mathit{CS}})}$. Directly using the results from [Lemma 5.1](#n0030){ref-type="statement"}, [Lemma 5.2](#n0035){ref-type="statement"} yields [Proposition 5.2](#n0040){ref-type="statement"}. □

Appendi (A2). Definitions {#s0125}
=========================

See [Table A2](#t0035){ref-type="table"}, [Table A3](#t0040){ref-type="table"} .Table A2Definitions of some important abbreviations.AbbreviationDetailsMSOMobile service operationSSOStatic service operationModel NThe static service operations model under the normal market environmentModel SThe static service operations model under CVOModel MThe mobile service operations model under CVOModel SX-1The static service operations model for the long run (type 1)Model SX-2The static service operations model for the long run (type 2)Model MXThe mobile service operations model for the long runCVOCorona virus outbreakOCSOperating cost subsidyFCSFixed cost subsidySTSSafety-technology-supportTable A3Notation of some key parameters utilized in the modeling analysis.NotationMeaning$p$Unit service fee (revenue)$F$Unit fixed operations cost under SSO$G$United fixed operations cost under MSO$l$The average distance for the consumer to visit the firm$\eta$The unit traveling disutility under Model N$e$The unit traveling disutility under Model S, where$e > > \eta$$w$The consumers' psychological worry under Model S$y$The consumers' psychological worry under Model M$c$The operations cost coefficient (with respect to the needed travel for the firm) under Model M$t$The unit operations cost under Model M, which is defined as$t = cl$
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In this paper, unless otherwise specified, the term "mobile service operation" (MSO) refers to the "bring-service-near-your-home" MSO.

Note that for the service offering, we normalize the fundamental per demand service cost to be zero. This assumption is made because: (i) It allows "cleaner" analyses, (ii) having a non-zero cost does not affect any results qualitatively, and (iii) it is a common practice in the operations management literature to make this assumption for similar analyses.

Note that these are some technologies facilities that are proposed to be implemented. However, they may not be present in the motivational case discussed in [Section 1](#s0005){ref-type="sec"}.

Here and in the rest of this paper, "going bankrupt" means the firm's profit at the optimal decisions is negative. Obviously, the business can no longer survive.

Note that blockchain is a "distributed ledger" technology not just for finance (e.g., bitcoin, [@b0050]). It is also a critical technology for logistics and supply chain management (see [@b0085]).

As a remark, even for China and other markets in which tight controls are imposed during CVO, there will be times when some cities will have relaxed control if the CVO is less severe. At that time, consumers can come out but they may still worry about visiting these static service operations. Thus, the "bring-service-near-your-home" MSO business model may still be applicable at that time.

[^1]: Many points are in fact governed by laws. For example, in Hong Kong, as a temporary and special measure, public gatherings of four or more people were banned during CVO (at the time when this paper was prepared).
